i/831483 
Rec'd prr/rrc 0 9 may noi 


"EXPRESS MAIL" MA ILING LABEL 

NUMBER EL707D49337US 

pATF OF PFPOSIT Mav 9. 2001 


1 HEREBY TFRTTFY T H AT THIS PAPER OR FEE IS BEING 
OFPOSITED WITH THE IJM iTF.n STATES POSTAL SERVICE 

mpvprfsS MATI POST OFFICE TO ADD RESSEE" SERVICE 

i iNinF.R 37 C.F P ' »0 ON TH E DATE 1NDIC ATFO ABOVE AMP IS 
A DO RES SEP TO THE CO MMISSIONER OF PATENTS AND 
TPAnFMARKS. WAS "'*™™ O C. 2023 1 

K A HANSEN 

(TVPFn NAME OF P FRSON MAIUNOPAPER OR FEE) 

. tfA ^c~^^ 

fSrr.NATURF OF PFRSON MAILING I'APF.R OR FEE) 

Mothod and app a ra t us for wolding motal ohoot s with a laser 
Ap paratus for Handling Sheet Metal Wnrkp ieces to be Welded 

RAOKGROUN n OF THF INVENTION 

1. Technical Field 

Tho pr^nt invention elates to met ho ds a n d apparatus for weldin g 
metal sheets in neneral. and to me t hods and appara tusJoLC ontrollinq the qa _p, 
hetween the metal shee ts being welded in particular. 

Th^pfesent- inv o ntion r olat o * t o^met hod according t o4he4ntFo ductory part of 
C l a i m 1, a nc Larv apparatu s for carryin g out tho mothod. 
-2 Background Information. 

Laser welding is now in widespread use as a process for joining metal 
sheets together. In this process the sheets are preferably butt jointed, with their 
edges positioned so that there is only a narrow gap between the sheets. To 
obtain a weld seam of high quality, the gap between the sheets to be joined 
should not be wider than 0.05 or 0.08 mm, and the deviations of each individual 
sheet should not exceed one half of these maximum permissible widths of gap. 
It is obvious that in order to observe such tolerances, correspondingly expensive 
tools, or complicated machining methods, are necessary. 

iTtekirown from European ^Patent application Na_EP 0565846 when welding 
straight seams to plastically deform at least one of the metal sheets with a 
squeeze roller before or in the welding zone so that the maximum permissible 
width of gap between the sheets to be joined is not exceeded. In connection 
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with this known teaching, a series of embodiments are described which relate 
in particular to the varied configuration of the squeeze rollers. 


The known teaching is only suitable for straight weld seams. In particular it is 
unsuitable if there is a requirement to guide the weld seams along a given line, 
as in such cases the squeeze rollers proposed in the known teaching generate 
lateral forces which can lead to undesired distortions of the metal sheets. 
OiSCLQSLiBEQEIb l F I NVFNTION 

it is. th eretocp. g " " h i ^.t of the Jire sent invftntio aJQ-pm^-a 

mothnH and an a ppa ratus for weld ing-met al sheets that caru^kLB 

<^«m along anv aiverLJine* 

Armin g to the n resent inven iion^a n apparatus fo LimBdling-a 
pai r nf ah™* metal jM PrkniPfiftS to ne^eldad is provided t haUncJiid££_a 
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m i K ic di^ pn^Pd on a s eco n d side of the ^heet m e tal workplac es 
thP hanking ftiamfint. Th e-sa ne e ze ro l ler is fo ime- d as a body 

^ULca^ p |gg tir dPformation o i_ one of the pair^oi^haeLmBlal 

Mid^as_ajndab^m^^ 

extend into thp gap. 

T h u i af ore the fun d am e nt a l prob le m of tho pr o mpt i nve n tion i c to s peci fy a 
m e thod with which the w ol d ooamc r an follow any gi ven li ne. 


Th is prob le m in so lved by tho m o acuros indi c at e d in Claim 1 /Wvafltagesus 
configuration!: of th o inv o nti n n n nd an a ppi nt n n fui u a ir yi n g nu tth n m ot h od 
d es crib e d in further c la im s 


The invention has the following advantages: Since a sneezer- s^ue^zeioJieLis 
used which obtains a plastic deformation that is independent of the cquoozor'e 
« q .. ft Rre roller's direction of advance on the metal sheet concerned, the weld 
seam can be guided along any given line without risking insufficient deformation 
of the sheets to be welded. The method according to the invention and the 
apparatus for carrying out the method can therefore be used for welding sheets 
of any desired shape. 

When, in a continuation of the invention, the squeezer- squeeze roller 
consists of a ball, it moreover becomes possible to obtain an apparatus 
according to the invention that is extremely compact, as the radius of the ball is 
greatly reduced in comparison with the outer dimensions of the known squeeze 
rollers, which means that the force acting on the squeezer ball to yield a given 
effect can also be reduced. 

Lastly, by forming the^e^s^uee^ej^lJejiaccording to the invention 
as a ball, it is possible to set the mounting (oji!suaEOia_of the s^ee^er-batt 
sneeze roller at an oblique angle to the {plane formed} by the sheets to be 
welded. This leaves the joint line between the sheets freely accessible, so that 
ir+^artietMaf detection devices can be used to detect the actual width of gap 
between the sheets in the squeezing zone. The force acting on the squeezer 
ball can then be adjusted in response to the instantaneous value of the width of 
the gap. 

These *nrt other obj^r.ts features, and ad vantages of the presen t 
mention will hpmm, a pparen t in li ght of the Detailed Description of the 
Invention. 


RRIFF DESC RIPTION OF THE DRAW INGS | 
A detailed description of the invention will now be given by way of example and 
with reference to drawings, in which 

Fig. 1 shows a section through an arrangement according to the invention, 
made in the region of the welding zone, perpendicularly to two metal sheets of 
unequal thickness which are to be welded together, 

Fig. 2 shows a section through a further embodiment of the invention, made 
perpendicularly to two metal sheets of equal thickness which are to be welded 
together, 

Fig. 3 shows a similar section to Fig. 2 through a further embodiment of the 

invention, and 

Fig. 4 shows a similar section to Fig. 2 through a further embodiment of the 
invention. 

DFTAILED PFSP.RIPTION OF THF INVENTION 

Fig. 1 shows a section through an apparatus according to the invention, 
made perpendicularly to two metal sheets 1 and 2 to be joined together, one of 
which is thicker than the other. The two sheets 1 and 2 lie with their edges 
adjacent and are butt welded together in this position. Welding is performed, in 
a manner known in itself, by a laser beam which in the welding zone has a 
focused cross-section with a diameter of e.g. 0.2 mm. In order for the weld to be 
of the necessary quality and to be free from defects, the gap between the 
adjoining sheets 1 and 2 in the welding zone should not exceed a maximum of 
0.08 mm. If the gap is wider than this, sagging of the weld or burn-through by 
the beam will occur. 

The^heet 2 is plastically deformed, before and/or in the welding zone and as 
shown in Fig. 1, by means of a squee^ sijuejmigjje^^ 


i conoisting of a mount i n g 7 nnrt a ba ll 6 fitt ori th o r P in , so that any gap present 
between the sheets 1 and 2 is reduced and/or so that the maximum permitted 
width of gap stated above is not exceeded. The«ou«tmt supjx)rt7 is pressed 
perpendicularly against the sheet 2, causing the deformed material to flow 
mainly in the direction of the arrow 8. 

During the squeezing operation, the sheet 2 is supported by a backing 
element 9 located opposite the s qu oo zor ba l l^ eezeiQlleX- 6 acting on the 
sheet 2. Holding devices 3 and 4 jalsojef erred to as "workpjecejTgJdersXare 
also provided which fix the two sheets 1 and 2 at least during the squeezing 
operation and/or during the ensuing welding operation. Actual clamps are used 
as holding devices 3 and 4. 

The movntim suBEort? in Fig. 1 is shown with an axis 10 which refers to the 
rotationally symmetrical configuration of theffiow^su£port.7. 

Fig. 2 shows a section through a further embodiment of the apparatus 
according to the invention. Here the metal sheets 1 and 2 for welding are of 
equal thickness. Instead of a single c qu o ozor b al l? squeeze roller 6 , two 
squeez^atts^sja^^ used, each acting perpendicularly from 

above on one of the sheets 1 and 2. The special feature of this arrangement is 
that both sheets 1 and 2 are deformed, so that smaller deformations are 
necessary to achieve the same effect. In other words, this embodiment could 
be used to reduce relatively large gaps between welding sheets 1 and 2 to 
within the maximum permissible width. 

A further embodiment which is shown in Fig. 3 differs from that of Fig. 2 in 
particular in that the axes 1 0 of XUe^eurtm* supports 7 include an acute angle 
with the plane of the metal sheets 1 and 2. Sufficient room is thereby left at the 
joint 5 for the actual width of the gap to be detected for example by means of a 
detection deviceJ4, so that the pressure force acting on thefl^^^port 7 
can be adjusted accordingly by a control arrangement. 
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A further feature of the embodiment shown in Fig. 3 is that the backing 
element 9, which was in one piece in Fig. 2, is now shown divided in two. As a 
result, the underside of the joint 5 also becomes freely accessible, which again 
facilitates the determination of the width of the gap by means of the detection 
device 14. 

Fig. 4 shows a preferred embodiment of the apparatus according to the 
invention, in which a ^eufltms sufiBQrt? for a ^^ueezef-batt sQusszejfi!!fiL6 is 
angled obliquely with respect to the plane formed by the metal sheet 1. The 
angled arrangement allows deformation of the sheet 1 to take place as close as 
possible to the joint 5. The sheet 2 is pressed against the backing element 9, 
and thus fixed in position, by a fixing unit 12 j^lsg jreferred to as aJ^raMlwhich 
has at its lower end a fixing shoe 13 coming into contact with the sheet 2. This 
prevents the sheet 2 from being pushed back laterally should excessive 
deformation of the sheet 1 occur. 


It can also be seen from Fig. 4 that the fixing unit 12 is in the form of a bar 
and is set at an oblique angle with respect to a plane formed by the sheet 2. 
Hence the joint 5 is again easily accessible for auxiliary devices J5. 

The backing element 9 of the embodiment shown in Fig. 4 is formed as a 
roller with a rotational axis 11. The roller extends across the joint 5 and 
therefore supports both sheets 1 and 2. It would also be feasible to provide 
separate backing elements 9 for the sheets 1 and 2 in a similar fashion to those 
of Fig. 3 but forming each backing element 9 as a roller with a rotational axis 1 1 . 

Although this invention has heen shown and d escribed with respe cUo 
th» Hailed em bodiments thereof, i t w ill he understood h y those skilled jnjhe 
art that various Cannes in for ™ a nri detail thereof may be made withou t 
de parting fmm the spirit and scope of the invention. 
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Method and apparatus for welding metal sheets with a laser 

The present invention relates to a method according to the introductory part of Claim 1 , and 
an apparatus for carrying out the method. 

Laser welding is now in widespread use as a process for joining metal sheets together. 
In this process the sheets are preferably butt jointed, with their edges positioned so that 
there is only a narrow gap between the sheets. To obtain a weld seam of high quality, the 
gap between the sheets to be joined should not be wider than 0.05 or 0.08 mm, and the 
deviations of each individual sheet should not exceed one half of these maximum 
permissible widths of gap. It is obvious that in order to observe such tolerances, 
correspondingly expensive tools, or complicated machining methods, are necessary. 

It is known from European patent application EP 0565846 when welding straight seams to 
plastically deform at least one of the metal sheets with a squeeze roller before or in the 
welding zone so that the maximum permissible width of gap between the sheets to be 
joined is not exceeded. In connection with this known teaching, a series of embodiments 
are described which relate in particular to the varied configuration of the squeeze rollers. 

The known teaching is only suitable for straight weld seams. In particular it is unsuitable if 
there is a requirement to guide the weld seams along a given line, as in such cases the 
squeeze rollers proposed in the known teaching generate lateral forces which can lead to 
undesired distortions of the metal sheets. 

Therefore the fundamental problem of the present invention is to specify a method with 
which the weld seams can follow any given line. 

This problem is solved by the measures indicated in Claim 1. Advantageous configurations 
of the invention and an apparatus for carrying out the method are described in further 
claims. 

The invention has the following advantages: Since a squeezer is used which obtains a 
plastic deformation that is independent of the squeezer's direction of advance on the metal 
sheet concerned, the weld seam can be guided along any given line without risking 
insufficient deformation of the sheets to be welded. The method according to the 
invention and the apparatus for carrying out the method can therefore be used for welding 
sheets of any desired shape. 


When, in a continuation of the invention, the squeezer consists of a ball, it moreover 
becomes possible to obtain an apparatus according to the invention that is extremely 
compact, as the radius of the ball is greatly reduced in comparison with the outer 
dimensions of the known squeeze rollers, which means that the force acting on the 
squeezer ball to yield a given effect can also be reduced. 

Lastly, by forming the squeezer according to the invention as a ball, it is possible to set the 
mounting of the squeezer ball at an oblique angle to the [plane formed] by the sheets to be 
welded. This leaves the joint line between the sheets freely accessible, so that in 
particular detection devices can be used to detect the actual width of gap between the 
sheets in the squeezing zone. The force acting on the squeezer ball can then be adjusted 
in response to the instantaneous value of the width of the gap. 

A detailed description of the invention will now be given by way of example and with 
reference to drawings, in which 

Fig. 1 shows a section through an arrangement according to the invention, made in the 
region of the welding zone, perpendicularly to two metal sheets of unequal thickness 
which are to be welded together, 

Fig. 2 shows a section through a further embodiment of the invention, made 
perpendicularly to two metal sheets of equal thickness which are to be welded together, 

Fig. 3 shows a similar section to Fig. 2 through a further embodiment of the invention, and 

Fig. 4 shows a similar section to Fig. 2 through a further embodiment of the invention. 

Fig. 1 shows a section through an apparatus according to the invention, made 
perpendicularly to two metal sheets 1 and 2 to be joined together, one of which is thicker 
than the other. The two sheets 1 and 2 lie with their edges adjacent and are butt welded 
together in this position. Welding is performed, in a manner known in itself, by a laser 
beam which in the welding zone has a focused cross-section with a diameter of e.g. 0.2 
mm. In order for the weld to be of the necessary quality and to be free from defects, the 
gap between the adjoining sheets 1 and 2 in the welding zone should not exceed a 
maximum of 0.08 mm. If the gap is wider than this, sagging of the weld or burn-through by 
the beam will occur. 


The sheet 2 is plastically deformed, before and/or in the welding zone and as shown in 
Fig. 1 , by means of a squeezer consisting of a mounting 7 and a ball 6 fitted therein, so 
that any gap present between the sheets 1 and 2 is reduced and/or so that the maximum 
permitted width of gap stated above is not exceeded. The mounting 7 is pressed 
perpendicularly against the sheet 2, causing the deformed material to flow mainly in the 
direction of the arrow 8. 

During the squeezing operation, the sheet 2 is supported by a backing element 9 located 
opposite the squeezer ball 6 acting on the sheet 2. Holding devices 3 and 4 are also 
provided which fix the two sheets 1 and 2 at least during the squeezing operation and/or 
during the ensuing welding operation. Actual clamps are used as holding devices 3 and 4. 

The mounting 7 in Fig. 1 is shown with an axis 10 which refers to the rotationally 
symmetrical configuration of the mounting 7. 

Fig. 2 shows a section through a further embodiment of the apparatus according to the 
invention. Here the metal sheets 1 and 2 for welding are of equal thickness. Instead of a 
single squeezer ball 7, two squeezer balls 7 are used, each acting perpendicularly from 
above on one of the sheets 1 and 2. The special feature of this arrangement is that both 
sheets 1 and 2 are deformed, so that smaller deformations are necessary to achieve the 
same effect. In other words, this embodiment could be used to reduce relatively large 
gaps between welding sheets 1 and 2 to within the maximum permissible width. 

A further embodiment which is shown in Fig. 3 differs from that of Fig. 2 in particular in 
that the axes 10 of the mountings 7 include an acute angle with the plane of the metal 
sheets 1 and 2. Sufficient room is thereby left at the joint 5 for the actual width of gap to 
be detected for example by means of a detection device, so that the pressure force acting 
on the mounting 7 can be adjusted accordingly by a control arrangement. 

A further feature of the embodiment shown in Fig. 3 is that the backing element 9, which 
was in one piece in Fig. 2, is now shown divided in two. As a result, the underside of the 
joint 5 also becomes freely accessible, which again facilitates the determination of the 
width of the gap by means of the detection device. 


Fig. 4 shows a preferred embodiment of the apparatus according to the invention, in 
which a mounting 7 for a squeezer ball 6 is angled obliquely with respect to the plane 


formed by the metal sheet 1 . The angled arrangement allows deformation of the sheet 1 to 
take place as close as possible to the joint 5. The sheet 2 is pressed against the backing 
element 9, and thus fixed in position, by a fixing unit 12 which has at its lower end a fixing 
shoe 13 coming into contact with the sheet 2. This prevents the sheet 2 from being 
pushed back laterally should excessive deformation of the sheet 1 occur. 

It can also be seen from Fig. 4 that the fixing unit 12 is in the form of a bar and is set at an 
oblique angle with respect to a plane formed by the sheet 2. Hence the joint 5 is again 
easily accessible for auxiliary devices. 

The backing element 9 of the embodiment shown in Fig. 4 is formed as a roller with a 
rotational axis 1 1 . The roller extends across the joint 5 and therefore supports both 
sheets 1 and 2. It would also be feasible to provide separate backing elements 9 for the 
sheets 1 and 2 in a similar fashion to those of Fig. 3 but forming each backing element 9 as 
a roller with a rotational axis 1 1 . 


